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FEE PR FAI CROCI AA e e FE Ee TE VE , ADE A er WEIS 198 AAA, H9 ZR nr fig nr 
JERI JE ( Populus ) FURIES ( Salix ) TEE] pr Fr SETTORE mut FE gn Sain SON (E, SIRE. JER CES Js FC I Hr 
ABD 16.5—38.6 g/kg, WI (24.024.0) g/kg; MIE Pn HA AEN 17.2—36.2 g/kg, FI (25.9+4.1) g/kg, DFE E ik yi Hl 
Wb MIE FECI] A WA CERES] 8 A ARPA AA, GARA RADA MARA. HER 
XRO Y HEARD A MAREA AE Du AT CA 
ALIEN. MAC Jes FEL] HT Fr SON (EL 73 — 3.95966— 8. 10%o, 3-35] ( 1.15 2.48 ) %o; MUS TEL PT H 67 N [8 73 -3.04% 
9.73560 , 51-35) (2.31+2.60) %0 PUR Sé unt Fr f OPN EC LL P C, hät V ZR P ESI a n] p, GH AA A 
IAEA, rk peg SON (E. T 2388 15 ROSE ^C ARMA AA; GP MJ 67 N ee 
ASHE ak Rn Sn , A ER TI ARCHI SUI E Ke dit cl ps 
FETA EM ASTE 

EBB Aad YA MT TA FEAR ; IHA RAEN; KAAVE A eS DC 


Responses and Indications of Foliar Nitrogen Contents and ó" N values to 


Atmospheric Nitrogen Deposition in Beijing, China 
LIU Chaoming, TANG Meiqing, MA Kun, LIU Xingyun, YU Han, ZHANG Ying" 


School of Nature Conservation, Beijing Forestry University, Beijing 100083, China 


Abstract: With 60% of the total area located in the North China Plain, Beijing suffered with very high atmospheric nitrogen 
(N) deposition in the south part, which was as high as 100 kg hm ^ a” including both organic and inorganic nitrogenous 
species from both wet and dry deposition. To test the responses of foliar N contents of plants, a collection of deciduous 
broadleaf tree leaves was conducted across Beijing areas. Typical deciduous broadleaf trees, Populus and Salix were selected 
at 189 sites, which were firstly designed at 5-decimal minute in latitude and longitude grid resolution and then excluded 
sites without Populus or Salix species. Leaf sampling collection was carried out in the end of August corresponding to annual 
peak-standing biomass in late summer. Five trees of every species at each site were selected, and five mature leaves of every 
tree were collected. All the leaf samples were over-dried at 105°C for 10 minutes and then 65°C for 48 hours to constant 


mass. Samples of each species at each site were put together and grounded with a mill to pass 1-mm sieve for N contents 
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analysis. Foliar N was determined following Kjeldehl digestion and 8" N values were determined by continuous flow isotope- 
ratio mass spectrometer. The foliar N contents were (24.0+4.0) g/kg and (25.9+4.1) g/kg on average for Populus and 
Salix, respectively. Spatial variations of both the two genus showed similar trends, with higher foliar N contents in the 
southeast and lower foliar N contents in the northwest, consisting with the spatial variation of atmospheric N deposition in 
Beijing area. The foliar 6^ N values were (1.15 £2.48) 96e and (2.31 X 2.60) 45e on average for Populus and Salix, 
respectively. However, the spatial variation trends of 8^ N values were contrary with the foliar N contents. Higher 8^ N 
values were found in the city center and northwest, while lower 9'N values were found in the southeast. With the different 
5°N values of potential sources, the higher SPN values in the city center indicated the traffic emission sources, the higher 
5°N values in the northwest indicated the natural N cycling, while the lower 8^ N values indicated both the agricultural and 


traffic pollution. 
Key Words; Deciduous broadleaf trees; foliar N content; à ^N; atmospheric N deposition; Beijing area 


URDU E TA TR EULA AKA HR Inn 8 [ul b eX AK P ze ra Bb RU. S6 AXES ann ng, "TJ 
AWK HEB Slip Sat lien JATI SEN IT KAMU EEE ARE ER TEL ALBUS S m EINE 
AR, KE rp ZR B Who ERU d EA, C. LA ARA ey BAK, d, R BE AR ARA AS tt 
£u rp A ERA a CR Eee AS Sts RO, oc BRA CIA SE E ERA OE, als AE ANIK AE EAS A SET fe 
AU HX SMS s igo AE, AKT 50% —70% BA BABA, ALBO e o os E 
WAFL EE CRUCE ( NO, 3X; NO) BIS (NH, ) ,282 3B Hp He Sur Te TT MARA RAUL 
IRA EVE AMECA Liu SEP ten. iE 30 AEP, RESI AE IT 6096 , HD 
Bf UE Fr WI A SCR Y 34%. HHP HIE RE TK nt Ue DSL FOE E Fr RUIT REIR 
të — KERE PE WIL TT. ELT np A RO E LOGER EF e E XL AY IE HH 
KE , 

Tea VE [a] ZS BUR Je AN E ds SUED PA EAS FH BEE Wy RANES ux d B9 EZ 
ISP) BERE ANA ANA AUT PEL OPN (FETE BER, Dm HUP A (NH, ) PER doe B IE 
Re AES BA HEN. REA (NO, ) HIRE HE AAA IO GS A AE E AMA, Felix 567" AER 
Es] FH ak JI SEE m ACA WI AE A eit FI ea EE mA ON {ELLE -48%0—- 36.3% 0 2181, EI VAI IJ CE AE 
Hm EY SÓN (EE -56%0o—-23.1 %02]; ifii Yeatman 45: ^" FESR YE Zem HE AAA ALY 67 N fL Ur E 
e. H 6? NH,-N TRES TE 4%o0—22%o [8] 6" NO,-N DUR E. 2060— 1596072 [8] ; EAE HE pr Dn NO, B5) 87 N 38885 4d 
e. IERI Hy eH SARE NO,-N DI SEN ENT 6%o—25.6%0 18] 777 AER AAN NO, DÉI 85 N EEE 
Jä" og ae TAI AA S AT SERE oU se A MA be SI T BU E 8^ N fü fii IE, 6^ NO,-N AY TU FEL TE 
-13%o—-2%0 2182, MIRA EA TAB SE EAE AL S 57 N (ALES, NO,-N AY 8^ N (HAT F 
3.9%o— 12900 |H] TT. PA TRU H nf ELE eg adr CRL AUTRES A, Hnt to 85 N FE. rk 
eg EE EE [AAA E ERE EY FRI KK le EE CERE PA 
EXP 

TERCERA 1.64 D km? , Ri BERI ZR Bj Bb 60% DI rt ER b T 4836 2E JB AUR BRA nn e CUIRE 
i) ARA BU RADA Ek 100 kg N hm? a^! ifj AL PAS AAT PA a Bg 48 362E Je HERE RES Hf DC DU PA 
LEX AE SA ATE HE BEA, KAAVE E ABRA TI. p PARLE E RE App 
AREMA BE TG, BRUD , EF PA OB ok at A EE MAA, (AA A A t BRL H w yE 
SERV ALAA AK, BSB AT AS T AU EXC HE AE p] n GE CES Je A 
IVE ) B PUES A ARE, MERA AAA SON E JATI UE LEAN SE AMARA ERI E HARTA CA 
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DURE, BRA RARA REH, 
1 MESA 


1.1 WKH 

JC Cz PAR Bi 48 J6SE Jet 85 A6 205321 2 ( 39928'—41905'N ,115925'—117?30' E) ART BENG SE E 
iR AUS FR, PARA KAT LU AR ALB Asa LU Lk, REIR A PE RARI HP A AE EI BASE JO , 
FARE S PU BS LLL AO SO PR AB, PER EX HE EUR] FS A ROE EA A E 1) A 
FERE E UURI RIZ TELA HE dE, SER Ile KH 60% B5) TET KRANA Ae EK BEC PA re ECOLE DX 
Wo xA LEX. EH KIK mr A WAR EIEL EPA EA 34 kg N hm ^a^! (Hk EJIM ZA 27 kg N 
hm ^a^ 4 BLAGLERZJ2J 7 kg N hm 2a! ) 7?" GB FURER 50 kg N hm? a ^79, nt. TZ HL AA 
CRUCE SLE s [ap E BU AE SUL EH Zhang EO" KM 4846 Skim AAC AAT BU 5 FR d (A 1) , SEAS 
EPA BD AAR PE ART GARA AA EH OR AUTE, TORA BRAK HA) HR D ES 
A AR ATE REB o 


80 120km 
ES Akten (kg N/hm?) 

mu XH pm uu El >15 E 46—60 E >90 
E k pos BA EE 16—30 MM 61—75 

p Se peu dx Eu 31—45 MM 76—90 


Ri AFERRA A BAR km ARMAS AE 


Fig.l Landuse map and 5 km atmospheric N deposition map of Beijing area 


1.2 mRNA 

HEHE 5'x5' £e op IE FE DX X] 4T 245 SPOS , VEA t AAA E ET FE AA IARE S ARDE 
MA MAK, SEIT RRM Oe ERA 245 4S, FH T LU CREE: B5) 5 p] AP 00] ICTS BGS , Sz s FE S GE 198 T, 
Hr Ja ( Populus ) fg DEE, 128 AN, BUB (Salix) FUE DEEN, 70 (EE 2) , FESSES TA AE 2013 F 8 
H P FATRE KIER AE V] iS APR ESTEE Err. AREA a MT Jes Fe Dud HIR A LAU ent 
H. AREA EAS TE 5 ME, rn S BCAA JE ESTE UTERO AREA, TEL DI En 
HS EAS oP TD 

RE RR Ja , GIA SEO s AEA 105°C ril AN AM, 60°C WEF 48h FEES , BERE Emm fifi, FE 
UR ENE, PRE 0.4—0.5¢ PEN, , MAIRE AS ERE AE ( g/ kg) ; PRE 1.5—2mg FE dn , TAXE 
EAR ERAY Thermo AFJ AY MAT253) , MI ze FE s ^N fase I rx AREE, 
1.8 SO Arr 

V FH Sigma plot10 ZG Z5 ETT SEIT AT IFLA Arcgis10.0 APE A, TE Arcmap KAF P EPU ER Es JIMAN 
dfi EE ( IDW ) XY HFS e P WE HEES a A SON (EA TR] Ah dn XE LT SED, st Ate kum HS gd AN 
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Fig.2 Location of sampling sites of typical deciduous broadleaf trees, Populus and Salix , in Beijing area 


2 ERES 


2.4 JU pb Jes MIE REC A AREA SON TELE SIRE 

Hae 1 455 rk deg m CE Js TEL VE Fr er ARCHIE ON 16.5—38.6 g/kg, FI (24.0x4.0) g/kg; MIE FL Pr 
Ti AUR 17.2—36.2 g/kg, PI (25.944.1) g/kg, ib E TREH., MAMA JE V PF Fr 67 N AN 
-3.95%o—8.10%o, FI (1.15+2.48) %0; BUS FLU RE H SPN 1A -3.04966— 9.73960 , 1-1 (2.31+2.60) %o, T% eg 
FABE. BEA, dU CH XC Jes AU) WA keh BAU EN [a] AKT ARRE 16.5—38.6 g/kg, FE 
(24.744.1) g/kg, HH 8^ N [ELA -3.95956— 9.73960 , 3-35] (1.56+2.57) Go, 


R1 dE CES ES MEAR ÓN (AS ARE 


Table 1 Foliar nitrogencontents and SIN values of Populus and Salix in Beijing area 


| Genus "Tr E 4 AER N content/( 8/48) - 5° N/%o 

3E35 ffi Mean Jė E] Range 5E35 ffi Mean 28 DI Range 
PS Populus 128 24.0+4.0a 16.5—38.6 1.15+2.48a -3.95—8.10 
MIE Salix 70 25.9+4.1b 17.2—36.2 2.31+2.60b -3.04—9.73 
EMA Total 198 24.7+4.1 16.5—38.6 1.56+2.57 -3.95—9.73 


[A ANAN Je] RE ors AS Ee Je H AR 8° NU) 2 P<0.01) 


2.0 IG PCR Ja RUBUS EL A Sain GN PRE BERG Ta) f 

Dee BOR USER TELS ALA) AVES HL SY as a) (43). HA 3 Bros ÍA 
KE Fr BS AE EA PA AS Ra AAA, AR, AICA AAA 
A NE BR, HA 3 Bras , ES IE EZ Hn] 
A te ET EMT AR ES 93 ELI Fp E e DO B. DC 3:4) f TE AR IURI A, T ECK 
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KE Dx Sat TP HAH A A ENE AE I y 

HERA MAA AA HA MA Jr SR EE ee AI 
UE eh IE 4) AU bé unt Dr SON EEIT AA, PAS EC HSN CEL YY E 

SAA 4 KW NG Ja AAA, Ft Fr 67 N BES AAA Fr BAR AERE PE Pa SAN P 


GIS C BIZ LEX. mt REA on EpL PCR SE A DC) ; ifi P Hr SON BRA DC RU oo A EAS JU 


ën H E ES AR E IS 
ERES ATA, ELA ARA AR, 
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MES Salix 

Né E/(e/kg) 
E 172—200 
EN 20.0—22.3 
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EB 256—267 


Ri dbz ROO BAIN ERI h REGE 
Fig.3 Spatial distribution of foliar N contents of Populus and Salix in Beijing area 
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Fig.4 Spatial distribution of foliar ôN values of Populus and Salix in Beijing area 
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3.4. LP zaart sm BI] WERE AS 

JE XO 189 AP REA Jas AM AAA (24.7 84.1). g/kg, Ei dU JA FE CREARE 
ERRE H AM Ee TT AMA RT s Ed Y. E A ZH ANAS mp IH A A AJ IF H 5 
Sr qe] ESL b es TF HERZ ERE ACRES E TS AS AS ANNA IHE AI AGRIS] Pr Fr zg". ECCE BEC RA 
Ma HA Set ES 4E E E. IER AHH GAR pH (GEO, BAD Bi EH E E ES HE H: pi 
gd BUR D GRP AED AR TP EE npe a D , 12 Hn BALAN mp ga] RECRUIT Pr AL 
EATER FHKE at Ht HERE 

WLS 30 4E. , REA Sms mz E] PY ba mun Fr nt et, HL HA Moiën TT ERE AES] 
KREEK, A E CERE BI O RAE, ARA To B E] ARFER 
E AGE He CREDE BE) BAE EK AENA AE pH PUP OA 7^ HE RAE, MAI tz 
Mon A 2 [8] 2E 5, ir — x FR BE E ARRE ING AA LACE ORI V PH KA 
60% W FA Ai FA ER Bl E AUR EOP eler Ou ARE ESE, 2 DX Won Lambot tT e 3 
100kg N/hm 7?" , ri d Jo UL 8 D JH EXC P 48 AE SEE ER DP AY K, i FÆ Ion ey, JE 
HR AAA ARMA EH E, CEB IA ARCU BB ERP ZR E 
WK, D AG HA IRCO CIE EZ [8]. E AA A PAT AEG iR e PAGE ff RAMA AA, P 
Je KAMI Jes e nl H at Ki MAS FR A 3 KAYU MI 28 Ta] a} Apa ES HF, BH Fe AAA A KAYU 
Dep P LC AA RR Rm TE TAR BUG GU BRI REFUS EA MEA 
3.2 Hip H SON (ET RAR UR A FB ZI VE 

FHL 3 ra, Ab at He CES AMA BER ON CEL BE ZR JE a A ARS HR DC , T] CB E 
Dd Je RR BA ATK, ARSE N FE PE I LR BITS A AAA AE GY EE DIET 8° N-NH A fA (8 
ME GAR EL TA FERES e NI SAE KA TTT 65 N-NO, 28 fa (EL FL EE 55 LJ] dr 898 es pre EINE HE 
DARA RIES EE AE P^ KAKA AA SÓN EEA, TX Rn 8 N-NH, HI 85 N-NO, Y 
LEAP DA ( -1.244.5) wo ( -2.543.7) %o, RED Fe T HL ZS 8^ N-NH, PARE 109604743 77 y HE A Fl] FS 
We, RAGA AAR FS a et X [T 4836 E Je EER a KS AR a Ay, HOE HL IZ 
PPR WA E, MARE MAA KZ AA BI A SON ER A AAS ALY BB oP 3 AM T 277 
PAA AACA. TRE, AR A RS SAP AL AE ADA, ACHE Ae HF 
JB NO, WEKA PS AULA WA HVS, Walters: XEHEKI 8^ N-NO, EFT OPE nik EH A 
FABRA BP) — TCE ai NO, Gu SF SP RA 11 MAE , TEE HE AaB E 598 HEC 
AAAH SEN TELE RET UU TEE TCM a BR] PEC RAM TI Hk K c BA] HE AT EE 
Zeit A TA PS o D BA BR H. x ARR DX. JV, AJI EA BEAR TEA TC HE ti MI 4 EE SR DIE e 
ZEN Pn OR AF NO, Häip f f pn SON (SILA EEUU RU OR ARS Ob AE EULA W th 
(Dë SÓN fit) DX, IS Walters ERC 1H. &BUHERCTI NO, HY 6^ N (XE-7.7%o—0.6%o1H, 
Joke Á Sita TE e BEL I SE AEA LS A LES T yc. E O AEDE Zee VZD eR, P BRL 6 DU SN ELEY EI 
Z= 

JERE CER AM Fe ugin Pr R O N fE h MEIR JERR HE A PS AHI, ARASEN E PER] 
TER Wd CK PS o A E SEES. , eres SON (ETD HES E FEI LE AR Tt BR DU HE 
MARIA, RARE OKA FR BA AMARE SON T8 08 609 07 Izeg kort 
BA O N-NH, EAEE EL ni P SERE A [93 IRA, Gë 2) 4) 288 f ue C ES FR] 57 8 o 
"NS O N-NH, EHH MES Hi d dE DC BU ERU PAKEAN, I TH A dz TRUE MV 
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RIZ BEDV BS km. LICH LET Yd Ai, AR Erop SON (E SE Kr eebe BRI D PVT oe 
VASE HEU BULA VERA ERE, PERDU DON EME Hr ARMA EZ 
SI. ALA TRIE ANA, EVLERE , PAGE FT SMA ANH, ) BEC S BZ AMA 
RENA, VAR EA d LGA, MEAR E TA PR IBERIA TBE 
FU BU 67 N IA, VER AI TACA AA RUE KE BR , Mm. e AD i sh T E 
AS E VS PIDE E ul Eu Dé RE Hr RRR EN 
yi at TC BR B AMARA E, SE PERLE S EA EA Te AR DA. AN NE DS IX Y 
TOA MEE. ESE PEO BR all, Am ASAT KANA (Err HERE m BUE EE AE AL 
ENERO, UAEM ADLER ROBUR FH T He en EZ, 


4 it 


(1) TEA oA rp p THA AS eb Jes RUBUS EL Dun Fr B) ARCA] Ky (24.04. 0) g/kg fH (25.92 
4.1) g/kg, SHE KK SWEEP REIS, s ea T s Ed GS E VE TAE e p AER Pr BR 
AE AMI Fr TUR as [8] TE ST ERE o 

(2) FE EX Jah E A , Aa RIVER EL WE Fr AAA BL HH PI ARA ZR e ONE f AAA, GAR 
KAAVERE WERA. THERE DC ESL I CP TC HD S BE S , UL, AH CREE C 
ES FRUIT BERT AMARA Pé MAT Ca "pm I. 

(3) 5 Js PAST EL] rN (ELE BILE VEU AREA AAA, E T er RC a 
Dän. PAB Erop 67 N (Rb, RS A038 T5 ONT C E RUE E Tu DU Med ; V JO SEES DU SPN (E, 
MELEE TZAK AE BUR SE MBE , ARAJE T FUB ES OPN (ELEY ERRIN ; ZR EIER SON (E, JU 
A n fE H AK TR AS I EA, 


2 X Bk ( References) : 


[1] Galloway J N, Dentener F J, Capone D G, Boyer EW, Howarth R W, Seitzinger S P, Asner G P, Cleveland C C, Green P A, Holland E A, Karl 
D M, Michaels AF, Porter A H, Townsend AR, Vóosmarty C J. Nitrogen cycles; past, present, and future. Biogeochemistry , 2004, 70(2) : 153- 
226. 

[2] Holland E A, Dentene F J, Braswell BH, Sulzman J M. Contemporary and pre-Industrial global reactive nitrogen budgets. Biogeochemistry, 1999, 

46(1/3) 17-43. 

[3] Schlesinger W H. On the fate of anthropogenic nitrogen. Proceedings of the National Academy Sciences, 2009, 106(1) : 203-208. 

[4] Galloway J N, Townsend A R, Erisman J W, Bekunda M, Cai Z C, Freney J R, Martinelli L A , Seitzinger S P, Sutton M A. Transformation of the 

nitrogen cycle; recent trends, questions, and potential solutions. Science, 2008, 320(16) :889- 892. 

[5] Dentener F, Stevenson D, Ellingsen K, van Noije T, Schultz M, Amann M, Atherton C, Bell N, Bergmann D, Bey I, Bouwman L, Butler T, 
Cofala J, Collins B, Drevet J, Doherty R, Eickhout B, Eskes H, Fiore A, Gauss M, Hauglustaine D, Horowitz L, Isaksen I S A, Josse B, 
Lawrence M, Krol M, Lamarque J F, Montanaro V, Müller J F, Peuch V H, Pitari G, Pyle J, Rast S, Rodriguez J, Sanderson M, Savage N H, 
Shindell D, Starhan S, Szopa S, Sudo K, van Dingenen R, Wild W, Zeng G. The global atmospheric environment for the next generation. 
Environmental Science & Technology, 2006, 40(11) : 3586-3594. 

[6] Magill AH, Aber J D, Berntson G M, Mcdowell WH, Nadelhoffer K J, Melillo J M, Steudler P. Long-term nitrogen additions and nitrogen 

saturation in two temperate forests. Ecosystems, 2000,3(3) :238-253. 


[7] Matson P, Lohse K A, Hall S J. The globalization of nitrogen deposition; consequences for terrestrial ecosystems. Ambio, 2002, 31(2) :113- 119. 
[8] Liu XJ, Duan L, Mo J M, Du EZ, Shen J L, Lu X K, Zhang Y, Zhou X B, He C, Zhang F S. Nitrogen deposition and its ecological impact in 
China; an overview. Environmental Pollution, 2011, 159(10) : 2251-2264. 

[9] Lindberg S E, Lovett G M, Richter D D, Johnson D W. Atmospheric deposition and canopy interactions of major ions in a forest. Science, 1986, 
231( 4734) :141 - 145. 

[10] Rondon A, Granat L. Studies on the dry deposition of NO, to coniferous species at low NO, concentrations. Tellus, 1994, 46( B) :339 -352. 
[11] Lovett G M, Lindberg S E. Atmospheric deposition and canopy interactions of nitrogen in forests. Canadian Journal of Forest Research, 1993, 23 
(8) :1603 -1616. 

[12] Vallano D M, Sparks J P. Quantifying foliar uptake of gaseous nitrogen dioxide using enriched foliar 8? N values. New Phytologist, 2008, 177(4) : 
946-955. 


http ://www.ecologica.cn 


201704.00203v1 


naXiv: 


| 


ch 


ChinaXiv& (FRAT! 


7H XB EA RA n E is HET A E RA 97 N EDGE RT BE I IV 2341 

[13] Hicks W K, Leith I D, Woodin S J, Fowler D. Can the foliar nitrogen concentration of upland vegetation be used for predicting atmospheric nitrogen 
deposition? Evidence from field surveys. Environmental Pollution, 2000, 107(3) ; 367-376. 

[14] Capon S J M, Carroll J A, Dise N B, Payne R J. Impacts and indicators of nitrogen deposition in moorlands: results from a national pollution 
gradient study. Ecological Indicators, 2014, 45(5) : 227-234. 

[15] Liu XJ, Zhang Y, Han W X, Tang A H, Shen J L, Cui Z L, Vitousek P, Willem E J, Goulding K, Christie P, Fangmeier A, Zhang F S. 
Enhanced nitrogen deposition over China. Nature, 2013,494:459- 463. 

[16] Han WX, Fang J Y, Gou DL, Zhang Y. Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytologist , 
2005, 168(2) : 377-385. 

[17] Han W X, Fang J Y, Reich P B, Woodward I, Wang Z H. Biogeography and variability of eleven mineral elements in plant leaves across gradients 
of climate, soil and plant functional type in China. Ecology Letters, 2011, 14(8) : 788-796. 

[18] JRI, ROS FR, Wm DN PRE ER TEE SARA A OTE PRU AE AS“, 1999, 1903) :408-416. 

[19] Craine J M, Elmore A J, Aidar M P M, Bustamante M, Dawson T E, Hobbie E A, Kahmen A, Mack M C, McLauchlan K K, Michelsen A, 
Nardoto G B, Pardo L H, Penuelas J, Reich P B, Schuur E A G, Stock W D, Templer P H, Virginia R A, Welker J M, Wright I J. Global 
patterns of foliar nitrogen isotopes and their relationships with climate, mycorrhizal fungi, foliar nutrient concentrations, and nitrogen availability. 
New Phytologist, 2009, 183; 980-992. 

[20] Felix J D, Elliott E M, Gish T J, McConell L L, Shaw S L. Characterizing the isotopic composition of atmospheric ammonia emission sources using 
passive samplers and a combined oxidation-bacterial denitrifier approach. Rapid communications in Mass Spectrometry, 2013, 27; 2239-2246. 

[21] Yeatman S G, Spokes LJ, Dennis P F, Jickells T D. Comparisons of aerosol nitrogen isotopic composition at two polluted coastal sites. Atmospheric 
Environment, 2001, 35(7) : 1307-1320. 

[22] Heaton T H E. PN/'*N ratios of NO, from vehicle engines and coal-fired power stations. Tellus, 1990, 42(3) ; 304-307. 

[23] Felix J D, Elliott E M, Shaw S L. Nitrogen isotopic composition of coal-fired power plant NO, : Influence of emission controls and implications for 
global emission inventories. Environmental Science & Technology, 2012, 46; 3528-3535. 

[24] Walters W W, Goodwin S R, Michalski G. Nitrogen stable isotope composition (6? N) of vehicle-emitted NO,. Environmental Science & 
Technology, 2015, 49; 2278-2285. 

[25] Amman M, Siegwolf R, Pichlmayer F, Soter M, Saurer M, Brunold C. Estimating the uptake of traffic-derived NO, from ^N abundance in Norway 
spruce needles. Oecologia, 1999, 118(2) : 124-131. 

[26] Elliott E M, Kendall C, Wankel S D, Burns D A, Boyer E W, Harlin K, Bain D J, Butler T J. Nitrogen isotopes as indicators of NO, source 
contributions to atmospheric nitrate deposition across the midwestern and northeastern United States. Environmental Science & Technology, 2007, 
41(22) : 7661-7667. 

[27] McNeil B E, Read J M, Driscoll C T. Foliar nitrogen responses to elevated atmospheric nitrogen deposition in nine temperate forest canopy species. 
Environmental Science € Technology, 2007, 41(15) : 5191-5197. 

[28] Zhang Y, Liu X J, Fangmeier A, Goulding K T W, Zhang F S. Nitrogen inputs and isotopes in precipitation in the North China Plain. Atmospheric 
Environment, 2008, 42; 1436-1448. 

[29] Zhang Y, Song L, Liu X J, Li W Q, Lü S J, Zheng L X, Bai Z C, Cai G Y, Zhang F S. Atmospheric organic nitrogen deposition in China. 
Atmospheric Environment, 2012, 46:195-204. 

[30] ShenJ L, Tang A H, Liu X J, Fangmeier A, Goulding K T W, Zhang F S. High concentrations and dry deposition of reactive nitrogen species at 
two sites in the North China Plain. Environmental Pollution, 2009, 157(11) : 3106-3113. 

[31] Zhang Y, Dore A J, Liu X J, Zhang F S. Simulation of nitrogen deposition in the North China Plain by the FRAME model. Biogeosciences, 2011, 
8(11): 3319-3329. 

[32] Gr Am. IR, ia FIF, mit IDEA. Ma Ke PIN Ha PANG UT Pr BR ERREUR TE PE. ke, On 
Jit ,2008, 45(5) : 855-860. 

[33] EBR, Pitt, MN, EAR. PEA AAA 654 PAI Hr uge CA TT ld Aert ut PREBLE, 2007,28(12) : 2665-2673. 


Gao Y. Atmospheric nitrogen deposition to Barnegat Bay. Atmospheric Environment, 2002, 36; 5783-5794. 

Russell K M, Galloway J N, Macko S A, Moody J L, Scudlark J R. Sources of nitrogen in wet deposition to the Chesapeake Bay region. 
Atmospheric Environment, 1998, 32; 2453-2465. 

Walters W W, Tharp B D, Fang H, Kozak B J Michalski G. Nitrogen isotope composition of thermally produced NO, from various fossil-fuel 
combustion source. Environmental Science & Technology, 2015, 49; 11363-11371. 

Felix J D, Elliott E M. Isotopic composition of passively collected nitrogen dioxide emission; Vehicle, soil and livestock source signatures. 
Atmospheric Environment, 2014, 92; 359-366. 

Högberg P. Tansley review No. 95; PN natural abundance in soil-plant systems. New Photologies, 1997, 137: 179-203. 

Liu T Y, Wang X M, Wang B C, Ding X, Deng W, Lü S J, Zhang Y. Emission factor of ammonia (NH, ) from on-road vehicles in China; tunnel 
tests in urban Guangzhou. Environmental Research Letters, 2014, 9(6) :1-8. 

Suarea-Bertoa R, Zardini A A, Astorga C. Ammonia exhaust emissions from spark ignition vehicles over the new European driving cycle. 


Atmospheric Environment, 2014, 97; 43-53. 


http ://www.ecologica.cn 


